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Abstract. For the big companies, picking up a number of employees from vari-
ous places (residential areas or common places) within a neighborhood and
brought to the factory should be a challenging task. Potential improvements for
this constantly repeated service planning may result in cost and total traveled
distance reduction. To search and provide the aforementioned potential savings,
three different scenarios with three different bus capacities are generated for a
textile company in this paper. In the first scenario that is also the current appli-
cation of the company, an integer programming model for the capacitated vehi-
cle routing problem (CVRP) is applied. In this scenario, shuttle buses with a
certain capacity are routed by picking up the employees from their homes. In
the second scenario, the employees are clustered (cluster size is equal to the ve-
hicle capacity) using P-median model to minimize the total walking distance of
employees to the meeting point, then the shuttle buses are routed by visiting the
clustered zones (meeting points). In the last scenario, the employees are clus-
tered using K-means model and then, shuttle buses transport workers to factory
from the center points of each cluster. Three scenarios with different bus ca-
pacities (20, 30 and 50 people) are applied to a textile company (the depot) that
includes 1,361 employees. The models are run using Gurobi 9.1.1 with Python
3.8 and the results are discussed. According to the results, second and third sce-
narios reduce the total traveled distance by 46.90% and 44.10% (averagely)
compared to the first scenario, respectively.

Keywords: Employee Shuttle Services, Vehicle Routing Problem, P-median,
K-means, Clustering.

1 Introduction

Service planning of workers between factory and their homes are required to be
managed efficiently and effectively in order to reduce costs. Therefore, our motiva-
tion in this study can be considered under service routing due to its crucial part in the
operation of businesses.
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As a solution approach, CVRP is taken into consideration. CVRP is one of the
main problems in logistics management aims to generate routes to visit all nodes and
turn back to the initial node with pre-decided capacities. CVRP also can be applied on
shuttle routing to gather people for carrying them to point of arrival. For instance,
school bus routing is solved by CVRP and 28.6% travel cost saving is managed [1]. In
that aspect, another study focuses on picking students from the eight points with eight
buses on campus via solving with genetic algorithm [2]. Results indicate that shorter
distance for two routes is achieved and savings in the distance becomes greater with
respect to the total distances. In addition, CVRP is utilized on problem required for
associated costs with touristic distribution networks of low demand by solved with
genetic algorithm [3]. There are also studies which concern real-life applications; for
instance, pharmaceutical and herbalist product delivery [4], waste collection [5], and
office furniture delivery [6]. All in all, CVRP can be used for reducing the transporta-
tion cost to deliver people to the destination.

Facilities with a large number of workers should use analytic tools to reduce
worker picking costs. Therefore, CVRP integration with different approaches can be
utilized as another solution method for the facilities which have a large amount of
work to provide cost reduced and effective carrying model. From this point of view,
workers can be clustered with respect to their home addresses, and routes for vehicles
can be decided to gather workers from the center point of each cluster. In literature,
there are several studies that consider the clustering before applying routing by aim-
ing more effective solution. One of the studies proposed a method that consists of two
mainframes as clustering and optimization and results demonstrate that node cluster-
ing before applying CVRP effectively reduces the problem space which leads to quick
convergence to the optimum solution [7]. In this aspect, clustered VRP is conducted,
in which two exact algorithms, a branch and cut as well as a branch and cut and price
is applied, and computational performance is significantly improved [8]. Another in-
stance of study in the aforementioned perspective presents the algorithm integrates the
Bat algorithm with a modified K-means clustering, which is based on clustering first
route second to convert the original VRP into traveling salesman problems with re-
duced complexity [9]. In addition to the aforementioned studies with clustering and
CVRP, there are several studies in literature such as using K-means with the cheapest
link algorithm for routing the Indian cooperative dairy distribution network [10], K-
means with grey wolf algorithm [11], and recursive K-means with Dijkstra algorithm
[12].

For the applied methods, some assumptions are made. One of them is the there is
no traffic density during the service operation. Secondly, whole considered vehicles
and workers expected to travel at the same speed. Therefore, elapsed times are as-
sumed to be proportional to distances.

In this study, service problem is handled under three scenarios and compared with
each other for picking workers from their home addresses. Also, for each scenario,
three different capacity variants are considered, which are decided as 20, 30, and 50
people.

Three solution scenarios in this study are explained as follows. In the first scenario,
CVRP is solved by linear programming without clustering for collecting workers



from their home addresses. In the second scenario, the P-median method is applied to
cluster the addresses and gather central addresses for each cluster. Distance between
connected nodes and their centers are obtained to calculate walking distance. Then,
distances between centers and facilities are summed to have total distances for trans-
portation. Therefore, total walking distance minimization is accomplished and trans-
portation cost is reduced. Lastly, K-means is applied to cluster home addresses to
minimize walking distance and obtain the center point for each cluster. After that, the
distance between each center and factory is calculated and summed, and then the
walking distance (objective value of K-means) is added to the total distance between
centers and factory. Mentioned three scenarios are illustrated in Fig. 1. For each
aforementioned method, three different capacities are concerned. The paper is orga-
nized as follows: Section 2 formally defines the applied methodologies. Input data
and the solution of the three scenarios are discussed in Section 3. Finally, the last
section presents our conclusions.
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Fig. 1. Representation of the considered three scenarios

2 Methodologies

As mentioned in the previous section, three different scenarios are considered in this
study. To generate the scenarios, three different models namely CVRP, P-median, and
K-means are used and described below.

2.1  Capacitated Vehicle Routing Problem

CVRP refers to a class of problems in which a series of routes for a fleet of vehicles
located at one depot must be calculated for a number of geographically scattered cus-
tomers, and the vehicles must have the maximum loading capacity. CVRP's goal is to
reduce overall cost (i.e., a weighted function of the number of routes and their travel
distance) while serving a group of customers with known needs. CVRP is a one of the
well-known combinatorial problems that belongs to the NP-Hard problem set [13].
Let G = (V,E) be a directed graph with vertices V ={0,1,...n} and edges H =
{(i,)):i,j € V,i # j}. The depot is represented by vertex 0, and each remaining ver-
tex i represents a customer with a positive demand d;. There is a fleet of p vehicles



with the same capacity Q. The non-negative cost/distance c;; is associated with each
arc (i,j) € H. The minimum number of vehicles needed to serve all customers is

%.d;/pQ. x;; takes value 1 if edge belongs to the optimal solution, and value 0
otherwise, Vi,j € V:i # j. u; is an additional continuous variable representing the
load of the vehicle after visiting customer i [14]. The mathematical formulation which
is used in this study is described below [15].

Obijective function

Min%, Z?:o XijCij 1)
Subject to

YievXi; =1 Vjiev 2
YievXij =1 VievV 3)
DievXio =P (4)
ZjeVXOj =p 5)
ui—uj+QxijSQ—di Vi,jEV,irﬁj (6)
dLSulSQ VieV (7)
x; € {0,1} Vi,jeV 8)

The CVRP consists of finding a collection of simple circuits (corresponding to vehi-
cle routes) with minimum cost, defined as the sum of the costs of the arcs belonging
to the circuits (Eq. 1). Constraints (2) and (3) (indegree and outdegree of nodes) im-
pose that exactly one edge enters and leaves each vertex associated with a customer,
respectively. Analogously, Constraints (4) and (5) ensure the degree requirements for
the vertex of depot. Constraints (6) and (7) impose the capacity requirements of
CVRP while eliminating the sub-tours [16]. Finally, Constraint (8) is the integrality
conditions.

2.2  Capacitated P-median Approach

The P-median model is applied to minimize the employees’ total walking distance to
the meeting point by clustering the employees. Due to a limited capacity of clusters,
capacitated P-median on a discrete space is considered in this study. The capacitated
P-median problem seeks to define the number of P candidate facility (clusters) to be
opened, and which customers (employees) will be assigned to each facility (cluster).
In the model, every cluster has a limited employee capacity and each employee has
one demand. The problem should consider that each cluster can serve only a limited
number of demands so that the sum of distances between each demand point (em-
ployee home) and the facility (cluster center) assigned to that demand point is mini-
mized. In the model, i and j= 1, 2,..., n is the set of employees and also of possible
medians where P clusters will be located, d; is the demand of employee i, Q; is the
capacity of the median (cluster) j, d;; > 0 (i # j)is the distance between employee i
and cluster median j. x;; is a binary decision variable that takes 1 if an employee i is
assigned to a cluster j, otherwise it is 0. y; is also a binary decision variable that takes
1 if an employee is selected as a cluster median j, otherwise it is 0. The problem for-



mulation is given as follows [17]:

Obijective function

Min X7 X% x;;d;;d; 9)
Subject to

Yix; =1V, (10)
Xy =0 (11)
xiid; < Qjyi Vi (12)
x;;,y; €1{0,1}. (13)

The objective function (Eq. 9) aims to minimize total walking distance of all employ-
ees. Constraint (10) imposes that each employee is assigned to one and only one clus-
ter median, Constraint (11) guarantees that P cluster medians are selected, Constraint
(12) forces that a total median capacity to be respected and Constraint (13) prepares
the binary integer conditions.

2.3  Capacitated K-means Approach

Capacitated K-means is also applied to cluster the employees. The capacitated K-
means approach seeks to define K amount candidate cluster centers to be decided and
which employees will be assigned to each cluster center while employees attended to
nearest the cluster center. The capacitated K-means problem formulation is given as
follows [18]:

Obijective function

Minimize ¥ YXk_  T;p * G (x; — uh‘t)z) (14)
Subject to

Y Tin =1,,0=1,2, ..,k (15)
Yk Tih=1i=12,..,n (16)
Tipn=21,i=12,..n h=12,.. .k 7

where, Given a database X of n points, minimum cluster membership values z, > 0, h
=1,..., kand cluster centers uiy, toy, . . ., i@t iteration t. T; , is binary variable that
demonstrates attendance of data point x; is to nearest center u, or not [18]. Objective
function (14) aims to attend nodes to its nearest cluster center. Constraint (15) ensures
the attendance of minimum number of nodes to one cluster. Constraint (16) ensures
that one node is allowed to attend just one cluster center and constraint (17) forces all
nodes to attend cluster.

3 Case Study and Results

The service plan of Kartal carpet, which operates in Gaziantep province, is taken into
consideration. Utilized case comprehends the 1,362 nodes (including the factory) with
its GPS coordinates and GPS coordinates converted into longitude and latitude values



in order to gather nodes’ positions in X-Y axis. After gathering X-Y axis, the distance
matrix is generated by utilizing Euclidian distance. For instance, “al” has longitude
and latitude “37.1383, 37.3716” values. Distance between “al” and “a2” (37.0898,
37.3676) is calculated by Euclidian distance and it is equal to 4.86km. Normally,
there are three shifts for workers per day. However, the picking of workers for only
one shift is focused on in this paper. The geographical locations of 1,362 nodes in
terms of X-Y values from the GPS coordinates are shown in Fig. 2.
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Fig. 2. lllustration X-Y coordinates of home addresses in Gaziantep providence

The aforementioned three methods, which are P-median, K-means and CVRP, are
applied by using Python 3.8- Gurobi 9.1.1 with the time limit set to three hours with a
computer that has Intel Core i7 9750H CPU with 8GB RAM features. Capacities of
vehicles are selected as 20 (e.g. VW Crafter), 30 (e.g. Isuzu Turkuaz) and 50 (e.g.
Mercedes - Benz Tourismo). The number of routes and clusters is decided by the total
number of workers divided by capacities and decimals are rounded up which are 69
(20 capacity), 46 (30 capacity) and 28 (50 capacity). For instance, if a bus with 30
people capacity is chosen, and then scenario#1 has to visit 1,361 workers with 46
routes/buses. Scenario#2 and #3 divide 1,361 workers into 46 (1,361/30) clusters then
the buses have to pick 30 workers from each cluster then back to the factory.

Table 1. Results of the three methods (in meters)

Capacity Scenario Total Walking  Average Distance per Total Bus Average Distance Total
Distance Worker Distance per Bus Distance

#1 0.00 0.00 118,900.00 1,723.19 118,900.00

20 #2 5,305.70 3.89 56,900.00 824.63  62,205.70

#3 4,984.00 3.66 58,700.00 850.70  63,684.00

#1 0.00 0.00 82,700.00 1,797.83  82,700.00

30 #2 5,762.70 4.23 38,600.00 839.10 44,362.70

#3 3,639.50 2.67 38,555.10 838.20  42,194.60

#1 0.00 0.00 55,700.00 1,989.29  55,700.00

50 #2 4,131.00 3.03 25,540.00 912.10  29,671.00

#3 9,546.30 7.01 24,258.40 866.40  33,804.70




In Table 1, the feasible results of three scenarios are given. From Table 1, it can be
easily said that clustering the home addresses with capacitated P-median (scenario#2)
and transporting workers to the factory from the obtained centers (clusters) outstand-
ingly reduces the total distances compared to CVRP application (scenario#1). When it
comes to capacitated K-means (scenario#3), it demonstrates better performance for
capacity with 30 people compared to the other two scenarios. On the other hand, the
capacitated P-median gives a better result than the application of capacitated K-means
for the capacity of 20 and 50 people. From the general view, there is a significant
difference between capacitated P-median and K-means approaches. Capacitated P-
median outperforms the capacitated K-means by 1.48 km and 4.13 km with capacities
20 and 50, respectively. However, capacitated K-means shorten the distance by 2.17
km compared to the capacitated P-median. As result, the minimum total distance is
obtained by scenario2# with a capacity of 50. When average walking distance per
worker is taken into consideration, the minimum distance is gathered by application
of scenario3# with capacity 30. Lastly, if the average distance per bus is aimed, the
best result is obtained by applying scenario2# with the capacity of 20. Therefore,
decision-makers are able to select the best alternative with respect to their objectives.

4 Conclusion

In the proposed study, three methods are utilized in order to minimize the total dis-
tances to carry workers to the factory. Three different scenarios are considered and
generated. In the first scenario, without clustering, 1,361 workers are picked with a
CVRP model. In the following two scenarios, 1,361 workers are clustered using ca-
pacitated K-means and P-median approaches, and then the buses are directed to the
cluster centers. All three scenarios are run with three different vehicle capacities as
20, 30 and 50. Because of the problem size, a time limit is considered and feasible
solutions are obtained. Results demonstrate that the total distance (vehicle distance +
walking distance) decreases with the increments in capacity. However, capacitated P-
median and K-means show different performances with respect to given capacity and
CVRP has the longest total distance for all three scenarios. The minimum total dis-
tance is obtained when the workers are clustered with P-median and 50 people capaci-
tated bus is used. On the other hand, clustering with the K-means approach with 30
people capacitated bus yields the minimum total walking distance. As an extension of
this paper, the authors will focus on the simultaneous application of VRP and cluster-
ing approaches rather than the hierarchal approach. In addition, the problem will be
handled as a bi-level programming where the upper and lower levels are represented
by the company and workers, respectively. Finally, traffic congestion that affects the
traveling time will be considered to reflect the real-life dynamics.
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